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K E Y W O R D S 
c i r c a d i a n v a r i a t i o n , ß2~adrenoceptors , p e r i p h e r a l mononuclear l eucocy te s (MNL) , 
noc tu rna l a s thma , theophyl l ine 
I N T R O D U C T I O N 
The react ion of hormone receptors to s y s t e m i c a l i y admin is te red drugs may be studied on i n -
t a c t mononuclear l eucocytes (MNL ) . ß2-adrenoceptors respond to ß-sympathomimetics w i th 
a so ca l l ed "down-regu lat ion" , i .e. a dec rease of the number of expressed receptor s i tes 
(Aarons e t a l 1983). The opposite e f f e c t , receptor "up - regu la t ion" may be ach ieved wi th 
ß-blockers such as propranolol (Aarons et a l 1980). Theophyl l ine may i n t e r a c t w i th the i n -
t r a ce l l u l a r c A M P sys tem which in M N L is coupled among others to ß2~adrenoceptors. This 
d r u g i s cu r r en t l y being r ecommended for the prevention of nocturna l a s t h m a t i c a t t a c k s 
( B a r n e s 1984) . It is of in te res t , there fore , to study the e f f ec t of the rapeut i c theophy l -
l i n e c o n c e n t r a t i o n s on t h e c i r c a d i a n var ia t ion in the express ion and funct ion of 
ß2~adrenoceptor s i tes (Panger l et a l 1986, Haen 1987) in male a s t h m a t i c pat ients suf -
fering from nocturnal asthma (Haen et a l 1988). 
M A T E R I A L S A N D M E T H O D S 
Four so far untreated male a s t h m a t i c pat ients , 19-27 years of age, were given 1050 mg/day 
theophylline (Bronchoretard^- , K l inge P h a r m a M u n i c h / F R G ) . The dosage was divided in 1/3 
(350 mg) at 08h00 and 2/3 (700 mg) a t 22h00 because of the c i r c a d i a n var ia t ion in the s e -
rum concent ra t ion/t ime profile of this drug (Scott et a l 1981). Be fore t r e a t m e n t and on 
day 7 venous blood was drawn at l^hOO, 18h00, 22h00, 02h00, 06h00, lOhOO, and again at 
l^hOO. T h e blood spec imen were immed i a t e l y assayed for the number of high a f f in i ty ß-adre-
n e r g i c binding s i tes (B -max ) on i n t a c t l ymphocytes , using a receptor binding assay ( A n -
n a up l e t a l 1988) with ^ I - c y a n o p i n d o l o l , a ß-antagonist. ß2~adrenoceptor coupled 
a d e n y l a t e c y c l a s e was s t imu la ted by incubat ing the in tac t ce l l s with 10~7 mol/1 i s o -
p rena l ine for 5 minutes at 37°C; the inc rease of in t race l lu l a r c A M P above basal va lues 
was determined by rad io - immunoassay a f ter c e l l d isruption. 
D i r e c t l y a f ter venopuncture resp i ra tory function was assessed using a computer based, 
room-restr icted sp i rometer . Among other var iab les the best of three peak exp i ra tory flow 
( P E F ) readings was recorded. 
171 
172 Ε. Haen et al. 
The subjects were asked to follow a regular l i f e - s t y l e for the two weeks preceed ing the 
study wi th bed rest between 23h00 and 07h00. On the day of the study the sub jects s t ayed 
i n the c l i n i c a l pharmaco log ica l r e s e a r c h unit of the hospita l . They continued to follow 
their normal dai ly rout ine. Subjects we re asked to record m e a l t i m e s , the consumption of 
a l c o h o l and Coffein. A l l were non-smokers . 
C i r c a d i a n var ia t ions were s t a t i s t i c a l l y va l idated by the s ingle cosinor method (Ha lberg et 
a l 1967 ) a n d by ana l y s i s of v a r i ance (anova) . S i gn i f i cance l im i t was p < 0 . 0 5 . 
R E S U L T S 
The theophyl l ine dosing s c h e m e resulted in p l a sma drug concent ra t i ons of 8 -13 ug/ml on day 
7 ( F i g . 1). Resp i r a to ry funct ion markedly improved , wh ich matched the sub ject ive r e l i e f 
of complaints. E spec i a l l y the "noc tu rna l dip" in peak exp i ratory flow was much less p ro ­
n o u n c e d (F i g . 2) ind icat ing that theophyl l ine was most e f f e c t i v e between 02h00 and 
0 6 h 0 0 w h e n p l a s m a drug concent ra t ions were in the upper range (F i g . 1). 
Fig . 1. Theophyl l ine p lasma concent ra t ion in male a s t h m a t i c pat ients on day 7 of 1050 mg/d 
t h e o p h y l l i n e ( x + S E ) . 
ο — ο untreated 
I /min — — on day 7 of 1050 mg/d theophylline 
U<x> 18°° 22°° 02°° 06°° 10 0 0 H°° 
time of day (h) 
Fig . 2. Peak exp i ratory flow of male a s t h m a t i c pat ients before and on day 7 of 1050 mg/d 
t h e o p h y l l i n e ( x + S E ) . 
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T h e c i r c ad i an va r i a t i on in the express ion of ß2~adrenoceptor s i t e s was preserved a f te r 
treatment with theophyl l ine ( F i g . 3). Peak dayt ime values , however , we re reduced r e s u l -
ting in a sma l l e r c i r c ad i an range of 63 .1 -139.0 % of 24h -mean (compared to 59 .1 -155 .2 % 
of 2 4 h - m e a n before t r e a tment ) . The 24h -mean i tse l f was lowered from 1014+119 s i tes/ 
c e l l to 853+87 s i tes c e l l (x+SE) equiva lent to a receptor down-regulat ion of 15.9 % 
(not s i g n i f i c a n t ) . 
sites/cell 
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on day 7 of 1050 mg/d theophyllir 
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Fig. 3. ß2~Adrenoceptor density on per iphera l mononuclear l eucocy te s of ma le a s t h m a t i c 
p a t i e n t s before and on day 7 of 1050 mg/d theophyl l ine (x+SE) . 
Inspite of the reduced ß2~adrenoceptor density during the day basal c A M P contents of 
the cells were equal ly e l evated throughout the 24 hours (F i g . 4). The c i r c a d i a n va r i a t ion 
w a s p r e s e r v e d with a 24h -mean increased from 4.8+0.4 pmol/10^ c e l l s to 8.3+0.6 
p m o l / 1 0 ^ c e l l s (x + S E , n o t s i g n i f i c a n t ) . ß2~adrenoceptor c o u p l e d a d e n y l a t e 
c y c l a s e c o u l d s t i l l be s t i m u l a t e d by 1 0 " ^ mol/1 i soprena l ine to 9.6+0.6 pmol/ 
1 0 6 ( 2 4 h - m e a n + S E ) c e l l s ( i n c r e a s e of 1.3 p m o l / 1 0 6 c e l l s c o m p a r e d to 2.0 
p m o l / 1 0 6 c e l l s b e f o r e t r ea tment , F i g . 4, Haen et a l 1988). 
timt of day (h) 
Fig. 4. C y c l i c AMP content of per iphera l mononuclear l eucocy t e s from male a s t h m a t i c pa -
tients on day 7 of 1050 mg/d theophyl l ine before and a f ter in v i t ro s t imula t ion by 
1 0 - 7 rriol/1 isoprenal ine (x+SE). 
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D I S C U S S I O N 
A 25 % down-regulat ion of ß2~adrenoceptors by theophyl l ine t r e a t m e n t was a l ready d e -
s c r i b e d by S c a r p a c e et a l in 1982 in a non-chronobio logica l study. Such an e f f e c t could 
be m e d i a t e d v ia s t imulat ion of c a t e c h o l a m i n e sec re t i on by theophyl l ine (Hedquist et a l 
1978) and/or v i a an inc reased i n t r a c e l l u l a r c A M P content , s ince a c A M P dependent protein 
k i n a s e has been suggested to be responsib le for receptor down-regulat ion (He lmre i ch & 
P feu f f e r 1985). The adrenoceptor down-regu lat ion by theophyl l ine is c l i n i c a l l y i r r e l avant 
in asthma therapy, s ince resp i ratory funct ion is on the cont ra ry marked ly improved. H o w -
e v e r , t h e reduced response of the adeny l a te c y c l a s e sy s t em to ß-adrenergic s t imul i (as 
compared to p re t r ea tment , Haen et a l 1988) may be re levant to a combinat ion of theophy l -
l ine w i th ß-sympathomimetic drugs. ß-Sympathomimetics may inc r ea se the e f f ec t i veness of a 
t h e o p h y l l i n e therapy, but both drugs a r e less than addi t ive in e f f ec t . 
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